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© An apparatus for reproducing information from a magneto-optical storage medium. 



® An improved apparatus for reproducing informa- 
tion from a magneto-optical disk is disclosed in 
which the differential ratio for reproducing signals 
can be automatically adjusted. The apparatus has a 
differential amplifier for performing the differential 
amplification of signals reproduced from the a disk; 
an automatic gain control circuit for receiving the 
differentially amplified signal and producing an auto- 

Pi3 1 




matic gain control voltage; and a differential ratio 
determining circuit for determining a differential ratio, 
based on the automatic gain control voltage output 
from the automatic gain control circuit. The differen- 
tial amplifier performs the differential amplification at 
the determined differential ratio. 
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reflected from the magnetic recording layer 2805. 
Between light reflected from the mark 2809 and 
that reflected from the non-mark 2810, the plane of 
polarization rotates in opposite directions from each 
other by the angle of rotation of the plane of 
polarization. The difference in the direction of po- 
larization is detected to reproduce the recorded 
information, generating reproduced signals S1 and 
S2 as shown in (b) and (c) of Figure 27. 

The manner of separating the signals SI and 
S2 will be described with reference to Figure 30 
which shows diagrammatically the optical system 
for reproducing information. Reflected light 3201 
enters a polarized beam splitter (PBS) 3202 by 
which two detected lights 3210 and 3211 are pro- 
duced. The two detected lights 3210 and 3211 are 
directed to photodetectors 3203 and 3204 respec- 
tively according to the direction of polarization of 
the light. Then, the photodetectors 3203 and 3204 
convert the intensities of the lights into electric 
signals, which are output as the repro duced sig- 
nals SI end S2. In this way, the mark 2809 and the 
non-mark 2810 can be read out separately from the 
reproduced signals SI and S2. making it possible 
to reproduce the information recorded in the mag- 
netic recording layer 2805. 

Referring to Figure 31, the description below 
deals with the polarity of the reproduced signals SI 
and S2 obtained when reproducing information 
from the MO data region 3002. When the vector of 
light reflected from the magneto-optically recorded 
non-mark 2810 (with the direction of magnetization 
A) is denoted as a, and the vector of light reflected 
from the magneto-optically recorded mark 2809 
(with the direction of magnetization B) as a and 
are the vectors of reflected lights rotated In 
opposite directions from each other by the angle of 
rotation of the plane of polarization. The reflected 
light vectors a and ^ are respectively detected by 
the PBS 3202 for projection into two directions of 
polarization X and Y which are perpendicular to 
each other. The results of projection of the reflect- 
ing light vectors a and jS in the directions of po- 
larization X and Y, respectively, are detected light 
vectors «x Q^d jSy which have magnitudes to match 
the reproduced signals S1 and S2. The detected 
light vectors «x and /3 y respectively correspond to 
the detected lights 3210 and 3211 shown in Figure 
30. As shown in Figure 31, the reproduced signal 
SI is at a high level for the non-mark 2810 and at a 
low level for the mark 2809. On the other hand, the 
reproduced signal S2 is at a low level for the non- 
mark 2810 and at a high level for the mark 2809. 
The polarity of the reproduced signal S2 is op- 
posite to that of the repro duced signal SI. me 
reproduced signals Si and S2 are then supplied to 
a differential amplifier to improve the S/N ratio, and 
the information is reproduced as a result of the 



differential amplification. 

The polarity of the reproduced signals SI and 
S2 obtained when reproducing Information from the 
preformatted region 3003 in which information is 
5 recorded in the form of the physical irregularity 
2808 will be described with reference to Figure 32. 
Since no recording or erasing operations are per- 
formed against the preformatted region 3003, the 
direction of magnetization of this region is fixed to 
70 the direction A. In this region, the laser beam is 
diffracted according to the physical shape of the 
irregularity 2808. This produces a longer reflected 
light vector a (corresponding to the reproduction of 
the non-mark in the irregularity region) and a shor- 
76 ter reflected light vector y (corresponding to the 
reproduction of the mark in the irregularity region) 
as shown in Figure 32. These are projected by the 
PBS 3202 in the directions of polarization X and Y 
to obtain detected light vectors «x snd y\ respec- 
20 tively, the magnitudes of which correspond to the 
reproduced signals S1 and S2. Both of the repro- 
duced signals SI and S2 are at a high level for the 
non-mark and at a low level for the mark in the 
irregularity 2808. Unlike the case shown in Figure 
25 31. both the signals S1 and S2 have the same 

polarity when reproducing information from the 
mark 2809 and non-mark 2810. That is. as shown 
in Figure 27, the reproduced signals SI and S2 are 
of the same polarity for the preformatted region 
30 3003, and of the opposite polarity from each other 

for the MO data region 3002. 

Figure 33 illustrates the reproducing circuit, 
jhe reproduced signals SI and S2 are supplied to 
a reproducing circuit 3501 which produces a 
35 binarycoded output signal 3510, The binary-coded 
output signal 3510 is fed to an address generating 
circuit 3502 and also to a timing generation circuit 
3503. In the address generating circuit 3502, the 
sectorby sector address information contained in 
40 the preformatted region 3003 shown in Figure 28 is 
read out from the output signal 3510 to generate an 
address signal 3511. In the timing generation cir- 
cuit 3503, a sector mark for sector synchronization 
which is also contained in the preformatted region 
45 is detected to generate a 

recording/reproducing/erasing reference timing sig- 
nal 3512. In the magneto-optical disk memory de- 
vice, the information recording, reproducing, and 
erasing operations are performed on the sector at 
50 the desired address on the basis of the address 
signal 3511 and the recording/reproducing/erasing 
reference timing signal 3512. 

However, when performing the differential am- 
plification of the above-mentioned magneto-optical 
65 reproduced signals, the differential ratio varies be- 
cause of variations in each device such as the 
optical system and the magneto-optical disk 3001, 
the residual signal amplitude of signals obtained 
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from the preformatted region 3003 also varies. This 
residua! signal occurs as a result of differential 
amplification of the reproduced signals S1 and S2 
with a differential ratio, and should be adjusted as 
low as possible. s 

Figure 34 shows the relationships between the 
differential ratio, the residual signal amplitude oc- 
curring with the differential ratio, and the S/N ratio. 

As the differential ratio deviates from the optimum 
level shown by a broken line to the increasing or w 
decreasing side, the residual signal amplitude in- 
creases and the S/N ratio deteriorates. Since im- 
proper setting of the differential ratio can lead to an 
error in the reproduced data, it is necessary that 
the differential ratio be set properly. Usually, a i5 
variable resistor is used to manually adjust the 
amplification degree, or the differentia! ratio, of 
each of the reproduced signals SI and S2 while 
observing the waveform on an oscilloscope or the 
like. In this case, the variable resistor is adjusted so 20 
that the residual signal amplitude is minimized. By 
setting the residual signal amplitude to the mini- 
mum level using the variable resistor, a reproduced 
signal having a suitable S/N ratio can be obtained. 

However, the problem with the above prior art 25 
construction Is that since the differential ratio must 
be manually adjusted so that the residual signal 
amplitude is set to the minimum level, laborious 
work is required for the adjustment. 

It is an object of the present invention to pro- 30 
vide an apparatus for reproducing information from 
a magneto-optical storage medium of this inven- 
tion, which overcomes the above-discussed and 
other disadvantages and deficiencies of the known 
device. 

In accordance with the present Invention, an 
apparatus for reproducing information from a 
magneto-optical storage medium comprises a dif- 
ferential amplifier for performing the differential am- 
plification of signals reproduced from said storage 40 
medium control means for receiving said differen- 
tially amplified signal and producing an electric 
signal; and differential ratio determining means for 
determining a differential ratio, based on said elec- 
tric signal output from said automatic gain control 45 
circuit, said differential amplifier performing the dif- 
ferential amplification at said determined differential 
ratio. 

In a preferred embodiment, the control means 
is an automatic gain control circuit. so 

In a preferred embodiment, the electric signal 
is an automatic gain control voltage. 

In a preferred embodiment, the apparatus fur- 
ther comprises differential ratio generating means 
for generating a plurality of temporary differential ss 
ratios, said differential amplifier temporarily per- 
forming differential amplifications of signals in se- 
quence at each of said plurality of temporary dif- 



ferential ratios, and said differential ratio determin- 
ing means determines one of said temporary dif- 
ferential ratios as the differential ratio, said auto- 
matic gain control circuit producing the lowest 
automatic gain control voltage when said differen- 
tial amplifier performing the differential amplifica- 
tion of signals at said one of said temporary dif- 
ferential ratios. 

Thus, the invention described herein makes 
possible the Provision of (1) an apparatus for re- 
producing information from a magneto-optical stor- 
age medium in which the differential ratio can be 
automatically adjusted to an optimum level; (2) an 
apparatus for reproducing information from a 
magneto-optica! storage medium which can repro- 
duce information from a magneto-optical storage 
medium with an improved S/N ratio; (3) an appara- 
tus for reproducing information from a magneto- 
optical storage medium which has a simplified 
electric circuit structure; (4) an apparatus for re- 
producing information from a magneto-optical stor- 
age medium which can be constructed in a re- 
duced size; and (5) an apparatus for reproducing 
information from a magneto-optical storage me- 
dium which does not require circuits for detecting 
the maximum amplitude or envelope In the re- 
producing operation. 

According to the above construction, since the 
existing AGC circuit is used for the reproducing 
circuit in the magneto-optical recording and re- 
producing apparatus, it is not necessary to provide 
a circuit for detecting the minimum amplitude. That 
is. the AGC voltage generated by the AGC circuit 
does not directly represent the reproduced signal 
amplitude, but increases or decreases in monotonic 
fashion according to the differential signal. There- 
fore. by sampling the AGC voltage while varying 
the differential ratio, the processor can determine 
the optimum differential ratio based on the sampled 
values. The optimum differential ratio is the dif- 
ferential ratio at which the sampled AGC voltage is 
at its minimum. 

The invention is described further hereinafter, 
by way of example only, with reference to the 
accompanying drawings, in which:- 

Flgure 1 is a block diagram illustrating essential 
portions of an apparatus according to the inven- 
tion. 

Figure 2 is a circuit diagram of an AGC amplifier 
used in the apparatus of Figure 1 . 

Figure 3 is a graph showing the relationship 
between the AGC voltage input to a VGA and 
the gain of the VGA. 

Figure 4 is a graph showing the relationship 
between the AGC voltage and the residua! sig- 
nal amplitude of a preformatted portion. 

Figure 5 is circuit diagram of another AGC am- 
plifier. 
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Figure 6 shows another circuit configuration for 
shortening the discharge time constant of an 
AGC voltage generation Circuit- 
Figure 7 shows waveforms at various portions of 
the circuit shown in Figure 1 . 5 

Figure 8 is a graph showing the relationships 
between the differential ratios and reproduction 
characteristics. 

Figure 9 is a block diagram showing a controller. 

Figure 10 is a block diagram generally illustrat- w 
ing the apparatus according to the invention. 

Figure 11 is a block diagram illustrating a re- 
cording circuit. 

Rgure 12 is a block diagram illustrating a re- 
production circuit. ^5 

Figure 13 is a block diagram illustrating the 
controller. 

Figure 14 is a table illustrating the 2,7 modula- 
tion method- 

Figure 15 is a diagram illustrating the format of 20 
a sector. 

Figure 16 is a block diagram showing a semi- 
conductor laser driving circuit. 

Figures 17 and 18 show waveforms for 
recording/erasing and reproducing information in 25 

the circuit of Figure 16. 

Figure 19 is a block diagram illustrating a timing 
generation circult 

Figure 20 is a block diagram illustrating a sector 
mark detection circuit. 30 

Rgure 21 is a diagram illustrating the operation 
of counters used, in the sector mark detection 
circuit of Figure 20. 

Figure 22 shows waveforms at various portions 
of the timing generation circuit. 35 

Figure 23 is a block diagram illustrating a signal 
processing circuit. 

Figure 24 shows waveforms at various portions 
of the signal processing circuit. 

Figure 25 shows the waveforms in more detail 40 
and illustrates the generation of binary data from 
MO data portion and preformatted portion. 

Figure 26 is a diagram illustrating the recording 
and erasing operations. 

Figure 27 is a diagram illustrating the reproduc- 45 
tion operation. 

Figures 28 and 29 illustrate preformatted por- 
tions and MO data portions in a magneto-optical 
disk. 

Figure 30 is a block diagram showing an optical so 
system for the reproduction operation. 

Figures 31 and 32 illustrate the polarities of 
reproduced signals obtained an MO data portion 
and a preformatted portion. 

Rgure 33 is a block diagram showing a re- ss 
production circuit, an address generation circuit 
and timing generation circuit. 

Figure 34 is a graph illustrating the relationships 



between differential ratios, residual signal am- 
plitude and S/N ratio. 

Figure 35 is a circuit diagram showing an en- 
velope circuit. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



One embodiment of the present invention will 
be described with reference to Figures 1 to 25. 

Figure 10 illustrates a magneto-optical memory 
apparatus according to the invention which can 
record information to and reproduce and erase 
information from a magneto-optical disk 1201. The 
magneto-optical disk 1201 is rotated by a spindle 
motor 1202, and a laser beam 1204 emitted from 
an optical head 1203 is used to record, reproduce 
and erase information. A magnet 1205 generates 
external magnetic fields for recording and erasing 
information. The direction of the magnetic fields is 
reversed by rotating the magnet 1205 by means of 
a motor or the like. Alternatively, an electromagnet 
may be used to create the external magnetic fields 
for recording and erasure of information. A semi- 
conductor laser driving current 1210 is fed from a 
recording circuit 1206 to a semiconductor laser 
device 2801 (Figure 11) disposed inside the optical 
head 1203. By controlling the driving current 1210 
for proper light intensity of the semiconductor la- 
ser, information is recorded on the magneto-optical 
disk 1201. The optical head 3203 outputs a repro- 
duced signal 1211 (reproduced signals SI and S2) 
to a reproducing circuit 1207. Reproduced data 

1212 reproduced in the reproducing circuit 1207 
are supplied to a controller 1208. The controller 
1208 times various control signals based on the 
reproduced data 1212, and outputs control signals 
according to the state of the input signal. That is, 
the controller 1208 supplies various control signals 

1213 to the recording circuit 1206 and the re- 
producing circuit 1207. The controller 1208 also 
supplies a magnetic field control signal 1214 to the 
external magnet 1205 to control the direction of the 
external magnetic field. 

The recording circuit 1206 is shown in Rgure 
11. Recording data 1311 sent from the controller 
1208 are input to a modulation circuit 1302 in the 
recording circuit 1206. In the modulation circuit 
1302, the recording data 1311 are converted into 
modulated data 1310 in accordance with the re- 
cording format. The modulation is performed by a 
modulation method as described later with refer- 
ence to Figure 14. The modulated data 1310 are 
supplied to a semiconductor laser driving circuit 
1301. The semiconductor laser driving circuit 1301 
generates the semiconductor laser driving current 
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1210 which is fed to the semiconductor laser de- 
vice 2801 in the optical head 1203. At the same 
time, the control signal 1213 is supplied from the 
controller 1208 to the semiconductor driving circuit 
1301 so that the light intensity of the semiconduc- 5 
tor laser device 2801 is properly controlled accord- 
ing to the recording, reproducing and erasing oper- 
ations. 

With reference to Figure 12, the reproducing 
circuit 1207 is described below. The reproduced io 
signal 1211 (reproduced signals Si and S2) sup- . 
plied from the optical head 1 203 is input to a signal 
processing circuit 1401 in the reproducing circuit 

1207. The signal processing circuit 1401 outputs 
synchronizing data 1410 to a demodulation circuit is 
1 402 and a sector mark signal 1 41 1 to the control- 
ler 1208. The demodulation of the synchronizing 
data 1410 is performed in accordance with the 
method shown in Figure 14. That is, the demodula- 
tion is performed by reversing the process per- 20 
formed in the modulation circuit 1302 shown in 
Figure 11. The various control signals 1213 are 
supplied from the controller 1208 to the signal 
processing circuit 1401 and the demodulation cir- 
cuit 1402. The demodulation circuit 1402 supplies 25 
the reproduced data 1212 to the controller 1208. 

Figure 13 illustrates the controller 1208. Ac- 
tually, the controller 1208 comprises the elements 
shown in Figure 13 and also those shown in Figure 
9. The sector mark signal 1411 output from the 30 
signal processing circuit 1401 is supplied to a 
timing generation circuit 1501 in the controller 

1208, to generate a reference timing signal 1510 

which is fed to a control circuit 1502 at sector-by- 
sector timing. The reproduced data 1212 from the 35 
demodulation circuit 1402 is input to the control 
circuit 1502. The control circuit 1502 creates var- 
ious control signals 1213 from the above two Input 
signals, and handles transfers of Information to and 
from e)cternal apparatus. ^ 

The operation of the recording circuit 1206 
shown In Figure 1 1 will be described with reference 
to Figures 14 to 18. In the modulation circuit 1302, 
modulation is performed, for example, in accor- 
dance with the modulation method shown in Figure 45 

14. This method is generally known as the 2,7 
modulation method. As shown in Figure 14. input 
data (recording information) are converted into 
modulated data of a predetermined pattern. Next, 

the modulated data 1310 are supplied to the semi- so 
conductor laser driving circuit 1301 at proper tim- 
ing in accordance with a format shown in Figure 

15. Figure 15 shows the format of a sector 3004 
(Figure 28). which is hereinafter referred to as "the 
sector format". In Figure 15, a preformatted region 55 
3003 is composed of a sector mark portion 1701 

for sector-by-sector synchronization timing, and an 
ID portion 1702 which contains sector address in- 



formation. As shown in Figure 29, these are en- 
graved in the magneto-optical disk 1201 in the 
form o£ a physical irregularity (convexo-concave 
pattern) comprising unrecordable and unerasable 
marks and non-marks. An MO data region 3002 is 
composed of a data portion 1 703 where Information 
data are recorded, and two gap portions 1704 and 
1705. The modulated data 1310 are recorded in the 
data portion 1703. The recording is made by 
magne to-optica(ly recording the marks and non- 
marks as shown in Figures 26 and 27. The gap 
portions 1704 and 1705 each interposed between 
the preformattad region 3003 and the MO data 
region 3002 are margin areas for allowing the re- 
cording of information. That is. the gap portions 
1704 and 1705 are provided to allow for right or left 
displacement of the recording start and end posi- 
tions due to errors such as phase errors occurring 
between the rotation of the spindle motor 1202 and 
the sector-by-sector synchronization timing. 

Referring to Figure 16, the semiconductor laser 
driving circuit 1301 is now described. Four control 
signals 1810 - 1813 are transferred between the 
semiconductor laser driving circuit 1301 and the 
controller 1208. From the modulation circuit 1302 
(Figure 11), the modulated data 1310 are supplied 
to the semiconductor laser driving circuit 1301. The 
reproducing light output control signal 1810 is fed 
to a reproducing light output control circuit 1801 so 
that the light output of the semiconductor laser 
device 2801 In the optical head 1203 is properly 
controlled for the reproducing operation. The 
recording/erasing light output control signal 1811 is 
fed to a recording/erasing light output control cir- 
cuit 1 803 to control the light output of the semicon- 
ductor laser device 2801 for the recording/erasing 
operations. The high-frequency superposition 
switching signal 1812 is fed to a high-frequency 
superposing circuit 1802 to reduce noise caused 
by return light of the semiconductor laser device 
2801. output signals 1814 - 1816 from the re- 
producing light output control circuit 1801, the 
high-frequency superposing circuit 1802 and the 
recording/erasing light output control circuit 1803 
are added together in an adder circuit 1805 to 
produce the semiconductor laser driving current 
1210 which is fed to the semiconductor laser de- 
vice 2801. The light output (light intensity) of the 
semiconductor laser device 2801 is converted by a 
photodetector 1806 in the optical head 1203 into an 
electric signal corresponding to the light intensity. 
A light output monitoring signal 1813 is supplied 
through a light monitoring circuit 1804 to the con- 
troller 1208. The controller 1208 outputs the three 
control signals 1810, 1811 and 1812 based on the 
light output monitoring signal 1813. Thus, the light 
intensity (light output) of the semiconductor laser 
device 2801 is properly controlled in the reproduc- 



0420591 A2_l_> 



7 




11 



EP 0 420 591 A2 



12 



BNSDOCID: <EP. 



ing and recording/erasing operations. 

With reference to Figures 17 and 18, the in- 
formation recording/erasing and reproducing oper- 
ations in the driving circuit of Figure 16 will be 
described. As shown in (b) of Rgure 17, during the 
information recording/erasing operations, the high- 
frequency superposition switching signal 1812 goes 
low (0) for the data portion 1 703, and goes high (1 ) 
for other portions. This means that the high-fre- 
quency superposition is turned off for the data 
portion 1703 in the MO data region 3002, and on 
for portions other than the data portion 1703. This 
allows the modulated data 1310 to be magneto- 
optically recorded in the data portion 1703 as 
shown in (c) of Figure 17. At this time, as shown in 
(d) of Figure 17, the light output ievel 1910 (light 
intensity) of the semiconductor laser device 2801 is 
high for the data portion 1703, and iow for other 
portions. That is, the information recording/erasing 
operations are performed on the MO data region 
3002 while detecting the sector synchronization 
timing from the sector mark portion 1701 in the 
preformatted region 3003 and checking the pre- 
determined address in the address information, etc. 
read out from the ID portion 1702. 

On the other hand, during the information re- 
producing operation, the high-frequency superposi- 
tion switching signal 1812 is at a high level (1) for 
both the preformatted region 3003 and the MO 
data region 3002 ((b) of Rgure 18), and the modu- 
lated data 1310 are at a low level (0) ((c) of Figure 
18). Furthermore, as shown in (d) of Rgure 18, the 
light output levei 1910 is low. That is, the informa- 
tion recorded in the MO data region 3002 is read 
out for reproduction while detecting the sector syn- 
chronizing timing from the sector mark portion 
1701 in the preformatted region 3003 ((a) of Figure 
18) and sequentialiy checking the predetermined 
address in the address information, etc. read out 
from the ID portion 1702. 

Next, the operations of the timing generation 
circuit 1501 and control circuit 1502 shown in Fig- 
ure 13 are described below with reference to Fig- 
ures 19 to 22. Figure 19 illustrates the timing 
generation circuit 1 501 . The sector mark signal 
1 41 1 output from the signal processing circuit 1 401 
(Figure 12) is input to a sector mark detection 
circuit 2101 of the timing generation circuit 1501. 
The detection circuit 2101 detects the presence 
and absence of the sector mark to produce a 
sector mark detection signal 21 1 0 which is trans- 
ferred to a counter 2102, to a timer circuit 2104 
and also to a judging circuit 2106. The counter 
2102 and the timer circuit 2104 generates signais 
2111 and 2112, respectively, which are input to a 
switching circuit 2103. The switching circuit 2103 
selects either one of the signals 2111 and 2112, 
the selected signal being output as a reference 



timing signal 1510. The reference timing signal 
1510 is also input to a data portion generating 
circuit 2107 for generation of a data portion genera- 
tion signal 2116. Another output signal 2113 from 
5 the timer circuit 2104 is supplied to a window 
generating circuit 2105 which generates a window 
signal 2114 to be input to the Judging circuit 2106. 
The judging circuit 21 06 produces a timing judging 
signal 2115 from the window signal 2114 and the 
ro sector mark detection signal 2110. On the basis of 
the timing judging signal 2115, the switching circuit 
21 03 selects either one of the output signals 21 1 1 
and 2112. The reference timing signal 1510, the 
data portion generating signal 2116 and the timing 
15 judging signal 21 1 5 are all transferred to the con- 
trol circuit 1502 (Figure 13). Based on these sig- 
nals output from the timing generation circuit 1501 
and the reproduced data 1212, the control circuit 
1502 generates the previously mentioned various 
20 control signals 1213 to transfer to the recording 
circuit 1206 and the reproducing circuit 1207 
(Figure 10) to control information recording, re- 
production, and erasure. 

Figure 20 illustrates the sector mark detection 
25 circuit 2101 which detects the sector mark portion 
1701 (Figure 15) and obtains a synchronization 
timing necessary for the recording, reproducing 
and erasing operations of information on a sector- 
by-sector basis. The sector mark signal 1411 out- 
30 put from the signal processing circuit 1401 (Rgure 
12) is fed to the inputs of counters 1-9 which 
constitute a counter circuit 2201. Output signals 
2211 - 2219 from the counters 1 - 9 are transferred 
to a judging circuit 2202, the result of which is the 
35 sector mark detection signal 2110. 

The operations of the counters 1-9 are de- 
scribed below with reference to Figure 21. The 
sector mark portion 1701 has marks and non-marks 
as shown in (b) of Figure 21. The pattern of this 
40 example is engraved with marks spaced apart in 
such a way that the length ratios of the mark to the 
non-mark are 5:3:3:7:3;3:3;3;5 as shown in (a) of 
Figure 21. The sector mark signal 1411 obtained 
by reproducing the pattern of such marks and non- 
45 marks is a binary signal which is at a low level "0" 
for the mark and at a high level "1" for the non- 
mark. as shown in (c) of Figure 21. When the 
sector mark signal 1 41 1 is input to the counters 1 - 
9, first the counter 1 counts the number of clock 
50 pulses in a counter clock 2310. The number of the 
counted clock pulses corresponds with the mark 
length "5". As shown in (d) of Rgure 21, the 
counter clock 2310 has a higher frequency than 
that of the sector mark signal 1411. When the 
55 counted number is within the predetermined range, 
it means that the first mark (mark length "5") is 
correctly detected. Next, the non-mark having a 
non-mark length "3" is detected by the counter 2 
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in the same manner Thus, the marks and non- 
marks in the sector mark portion 1701 are detected 
until the final mark having a mark length "5” is 
detected by the counter 9. The thus obtained nine 
mark/non-mark detected signals 2211 - 2219 are 5 
transferred to the judging circuit 2202 which Judges 
if all or part of the nine detected signals nnatch the 
pattern of the sector mark portion 1701 and deter- 
mines the order of the marks and non-marks. Only 
when the pattern is judged to match the sector io 
mark area, the sector mark detection signal 2110 is 
set low "0". Therefore, the signal 2110 can be 
used as a sector-by-sector synchronization timing. 

Figure 22 shows the waveforms of various sig- 
nals generated in the timing generation circuit fs 
1501. As shown in (b) of Figure 22, the sector mark 
detection signal 2110 is set low when the sector 
mark portion 1701 in the preformatted region 3003 
is detected. The falling edge of the detection signal 
2110 functions as the sector synchronization tim- 20 
ing. After counting a predetermined number of 
clock pulses starting at the falling edge of the 
detection signal 2110, the counter 2102 sets the 
counter output signal 2111 low ((c) of Figure 22). 

On the other hand, the count number of the timer 25 
circuit 2104 to which the count number of the 
counter 2102 is added is greater by one sector 
length. Therefore, as shown in (d) of Figure 22, the 
falling edge of the timer circuit output signal 2112 
generated by the timer circuit 2104 occurs at ap- 30 
proximately the same timing as the falling edge of 
the signal 21 1 1 for the next sector. As shown in (e) 
of Figure 22, the window signal 2114 from the 
window generating circuit 2105 provides a pre- 
determined window width starting at the falling 35 
edge of the sector mark detection signal 2110 and 
going low in the vicinity of the falling edge of the 
sector mark detection signal 2110 for the next 
sector. The timing judging signal 2115 from the 
judging circuit 2106 is set high as shown by the 40 
solid line in (f) of Figure 22 If there exists a falling 
edge o£ the sector mark detection signal 2110 
when the window signal 2114 from the window 
generating circuit 2105 Is at a low level. On the 
other hand, if no falling edge of the sector mark 45 
detection signal 2110 exists, the timing judging 
signal 2115 is set low (as shown by the dotted line 
in (f) of Figure 22). Thus, the timing judging signal 
2115 serves to Judge whether the sector mark has 
been detected within the predetermined range or a so 
detection error has occurred. The switching circuit 
2103 selects the signal 2111 when the sector mark 
has been successfully detected, and the signal 
2112 when a detection error has occurred. As a 
result, as shown In (g) of Figure 22, the reference 55 
timing signal 1510 can be generated without fail 
even if an error in detecting the sector mark has 
occurred. This means that corrections can be made 



referring to the preceding sector timing as shown 
above. The thus obtained reference timing signal 
1510 is transferred to the data portion generating 
circuit 2107. The circuit 2107 is a kind of counter, 
which outputs the data portion generating signal 
2116 that goes low for the data portion 1703 ((h) of 
Figure 22). Therefore, the data portion generating 
signal 2116 can be used as a signal to distinguish 
the preformatted region 3003 from the MO data 
region 3002. The reference timing signal 1510, the 
timing judging signal 2115 and the data portion 
generating signal 2116 ore transferred to the con- 
trol circuit 1502 shown in Figure 13. The circuit 
1502 generates the previously mentioned various 
control signals 1213 based on these signals. 

Next, the operation of the signal processing 
circuit 1401 shown in Figure 12 Is described with 
reference to Figures 23 to 25. The reproduced 
signal 1211 (reproduced signals SI and S2) read 
out from the magneto-optical disk 1201 is fed to a 
buffer amplifier 2501 in the signal processing cir- 
cuit 1401. Its output signal 2510 is supplied to an 
MO waveform processing section 2502 and a 
preformat waveform processing section 2503. 
These sections output binary coded signals 251 1 
and 2512 which respectively correspond to the 
marks and non-marks on the MO data region 3002 
and the preformatted region 3003. These binary 
coded signals are input to a data synchronizing 
section 2504. A PLL (Phase Locked Loop) in the 
data synchronizing section 2504 produces synchro- 
nizing data 2513 synchronized with the clock, the 
synchronizing data 2513 then being transferred to 
the demodulation circuit 1402 (Figure 12). The 
preformat waveform processing section 2503 gen- 
erates the sector mark signal 1411 which is trans- 
ferred to the timing generation circuit 1501. Control 
signals 2514 - 2517 for various sections in the 
signal processing circuit 1401 are fed to and from 
a signal processing control section 2505. The var- 
ious control signals 1213 are transferred between 
the signal processing control section 2505 and the 
controller 1208 shown in Figure 13. 

Figures 24 and 25 show the waveforms of 
signals generated by various sections in the signal 
processing circuit 1401. As shown in (b) and (c) of 
Figure 24, the reproduced signals S1 and S2 are 
differentiated in the MO waveform processing sec- 
tion 2502 where only the information of the MO 
data portion 3002 is separated and binary coded to 
generate an MO binary coded signal 2511 ((d) of 
Figure 24). Also, the reproduced signals S1 and S2 
are added in the preformat wave form processing 
section 2503 where only the information of the 
preformatted area 3003 is separated and binary 
coded to generate an ID binary coded signal 2512 
and the sector mark signal 1411 ((e) and (g) of 
Figure 24). The separation between the MO data 
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portion 3002 and the preformatted portion 3003 is 
accomplished through the differentiation and addi- 
tion of the reproduced signals SI and S2 because 
the reproduced signals SI and S2 are of the op- 
posite polarity from each other for the MO data 5 
region 3002 and of the same polarity for the prefor- 
matted region 3003 as shown in Figure 27, As 
shown in (f) of Figure 24, the MO binary coded 
signal 2511 and the ID binary coded signal 2512 
are converted through the data synchronizing sec- io 
tion 2504 into the synchronizing data 2513 syn- 
chronized with the clock. 

Figure 25 is a diagram illustrating in more 
detail the waveforms shown in Figure 24. The 
marks and non-marks recorded on the basis of the is 
modulated data 1310 ((a) of Figure 25) are repro- 
duced by projecting a laser spot 2701 thereon ((b) 
of Figure 25). As shown In (c) of Figure 25, the 
reproduced signals SI and S2 reach their peak at 
the center of the mark. The MO binary coded 20 
signal 2511 and the ID binary coded signal 2512 
are generated by detecting the peak, the rising 
edge thereof coinciding with the peak ((d) of Figure 
25). A synchronizing clock is generated from the 
MO binary coded signal 251 1 or the ID binary 25 
coded signal 2512 through a PLL in the data syn- 
chronizing section 2504, and the synchronizing 
data 2513 is obtained in synchronism with this 
clock. As shown in (e) of Figure 25, the modulated 
data 1310 is reproduced in the synchronizing data 30 
2513 with high fidelity. 

Automatic adjustment of the differential ratio 
will be described with reference to Figure 1. As 
shown in Figure 1 . the reproduced signal SI is fed 
to a voltage controlled amplifier 108 (hereinafter 35 
abbreviated as ”VCA") through an AC coupling 
capacitor 105 in the buffer amplifier 2501. The 
output from the VGA 108 is supplied to the invert- 
ing input of a differential amplifier 74 in the MO 
waveform processing section 2502. The repro- 40 
duced signal S2 is fed to an amplifier 104 through 
an AC coupling capacitor 102 in the buffer amplifier 
2501. The output from the amplifier 104 is coupled 
to the non-inverting input of the differential am- 
plifier 74. The gain of the amplifier 104 is fixed, 45 
while that of the VGA 108 is varied by an applied 
differential ratio control signal (described later). 

This allows the differential ratio to be varied- A 
differential signal from the differential amplifier 74 
is fed to an AGC amplifier 75 which is an AGC so 
circuit controlling the amplitude of the signal at a 
constant level. An output signal from the AGC 
amplifier 75 is binary coded in a binary coding 
circuit 76 and is output as a binary coded signal on 
the basis of which reproduced data is generated. ss 
The AGC amplifier 75 also outputs an AGC voltage 
to an A/D converter 49 (Figure 9) in the controller 
1208. 



An example of the above-mentioned AGC am- 
plifier 75 will be described with reference to Fig- 
ures 2 to 4. As shown in Figure 2, the AGC 
amplifier 75 mainly comprises a clamping circuit 
78, a comparator 79, an AGC voltage generating 
circuit 80, and a VGA 77. The differential signal 
generated by the differential amplifier 74 is applied 
to the VGA 77, The gain of the VGA 77 varies 
according to the AGC voltage from the AGC volt- 
age generating circuit 80, the gain increasing as 
the AGC voltage increases and decreasing as it 
decreases, as shown in Figure 3. An output from 
the VGA 77 is coupled to the binary coding circuit 
76 (Figure 1) as well as to an input of the clamping 
circuit 78. In the clamping circuit 78, the DC com- 
ponent is removed from the output of the VGA 77, 
while the positive peak of its AG component (peak 
to peak value) is clamped by a diode D in the 
circuit 78 to the forward drop voltage of the diode 
D, and the negative peak is not clamped but ap- 
plied directly to the inverting input of the compara- 
tor 79 at the next stage. The comparator 79 com- 
pares the magnitude of the output from the clamp- 
ing circuit 78 with that of a reference voltage Vo 
applied to its non-inverting input. The AGC voltage 
generating circuit 80 outputs an AGC voltage 
based on the output from the comparator 79. 

When the output amplitude of the clamping 
circuit 78 exceeds the reference voltage Vo, the 
output of the comparator 79 is set high to turn on a 
transistor 81, which causes a capacitor 83 to be 
charged by a power supply Vcc through a charging 
resistor 82 with a resultant increase in the voltage 
across the capacitor 83. In this case, the charge 
time constant is determined by the values of the 
charging resistor 82 and the capacitor 83. The AGC 
voltage appearing at a connect ing point between 
the charging resistor 82 and the capacitor 83, i.e., 
the voltage appearing across the capacitor 83, is 
applied to the VGA 77 as a gain control voltage to 
reduce the gain of the VGA 77. On the other hand, 
when the output amplitude of the clamping circuit 
78 is within the reference voltage Vo, the output of 
the comparator 79 is set low to turn off the transis- 
tor 81, causing the capacitor 83 to be discharged 
through a discharging resistor 84. In this case, the 
discharge time constant is determined by the val- 
ues of the discharging resistor 84 and the capacitor 
83. This discharge causes the AGC voltage to 
decrease, thus increasing the gain of the VGA 77, 
Between the residual signal amplitude and AGC 
voltage of the preformatted region, there is a rela- 
tionship as shown in Figure 4, from which it can be 
seen that the AGC voltage increases in monotonic 
proportion to the residual signal amplitude within 
the normal amplitude range. That is, the maximum 
and minimum values of the AGC voltage corre- 
spond to the maximum and minimum values of the 



.042059 1A2_I_> 



10 




17 



EP 0 420 591 A2 



18 



BNSCXXJID: <EP. 



residual signal amplitude. The clamping circuit 78 
maybe a full-wave rectifier circuit. As a circuit for 
detection of the minimum (or maximum) of the 
residual signal amplitude, an envelope detection 
circuit 64 shown in Figure 35 is well known in the 5 
art and generally employed. The circuit 64 mainly 
comprises a buffer circuit 65, a first sample hold 
circuit 66, a second sample hold circuit 67, and a 
differential amplifier circuit 68. A reproduced signal 
is fed through the buffer circuit 65 to the first and io 
second sample hold circuits 66 and 67 which hold 
the upper and lower peak values of the envelope, 
and thereafter the differential amplifier circuit 68 
outputs a residual signal amplitude corresponding 
to the peak-to-peak value of the reproduced signal. is 
Such an envelope detection circuit is described in 
Japanese Laid-open Patent publication (Kokai) 
No.58{1983)-80138. The provision of such a sepa- 
rate circuit for detection of the minimum value of 
the residual signal amplitude during reproduction 20 
may make the entire circuit configuration complex 
and therefore may lead to an increase in overall 
costs. 

Another example of the AGC amplifier is de- 
scribed below with reference to Figure 5. wherein 25 
the same reference numerals are used to indicate 
the portions having the same functions as the parts 
used in the above described AGC amplifier, de- 
tailed descriptions of such parts being omitted. 

In the AGC amplifier of Figure 5, the AGC 30 
voltage is applied to the VCA 77 through a sample 
hold circuit 85 and an analog switch 86. The sam- 
ple hold circuit 85 and the analog switch 86 are 
provided to hold the AGC voltage at the value 
immediately preceding the recording/erasing op- 35 
©ration. The switch 86 operates in accordance with 
a switching signal which is obtained by inverting 
the high-frequency superposition switching signal 
1812 (Figures 17 and 18). The switch timing signal 
is also supplied to an AND gate 91 via an inverter 40 
90, The output of the comparator 79 is coupled to 
the other input of the AND 91. The output of the 
AND 91 is supplied to the base of the transistor 81. 

In the reproducing operation, the switch timing sig- 
nal is always set to high so that the switch 86 is 45 
opened and the base level of the transistor 81 coin 
cides with the output of the comparator 79. There- 
fore, the AGC voltage is applied to the VCA 77 
directly through a contact 86a of the analog switch 
86. In the recordlng/erasing operations, the switch so 
timing signal is high in the data portion 1703, and 
low in other portions. When the switch timing signal 
Is low, the AGC voltage is applied directly to the 
VCA 77 as the same manner as above. When the 
switch timing signal is high (the laser spot reaches 55 
the data portion 1703), the switch 86 is closed and 
the output of the AND 91 is low. In response to a 
hold timing signal which is the inversion of the 



high-frequency superposition switching signal 1812, 
the sample hold circuit 81 is actuated to hold the 
AGC voltage at the value immediately preceding 
the recording/erasing operation using a hold timing 
signal. This serves to prevent the operation of the 
VCA 77 from being affected by recording/erasing 
operation, thus further enhancing the reliability. The 
above sample hold circuit 85 may include, for 
example, an A/D converter and a D/A converter. 

When recording is performed by varying the 
differential ratio sector by sector in order to deter- 
mine the optimum differential ratio, the AGC am- 
plifier used for this purpose is required to have a 
quick response. To achieve this purpose, a circuit 
is used which improves the response by shortening 
the discharge time constant of the capacitor 83 in 
the AGC voltage generating circuit 80 of the AGC 
amplifier. Such a circuit is described below with 
reference to Figure 6. This circuit mainly comprises 
open collectors 87 and 88 and a discharging resis- 
tor 89. The output of the open collector 88 is 
connected to the connecting point A between the 
charging resistor 82 and the capacitor 83 shown in 
Figures 2 and 5. An AGC speed control signal is 
fed to the open collector 87, while an AGC reset 
signal Is applied to the open collector 88. The AGC 
speed control signal is set high during test lighting, 
etc. to determine the optimum recording condi- 
tions. At this time, the output of the open collector 
87 is set low, causing the discharging resistor 89 to 
be connected in parallel with the discharging resis- 
tor 84 shown in Figures 2 and 5. As a result, the 
time needed for discharging the capacitor 83 is 
shortened. On the other hand, the AGC reset signal 
is set high when the system is started or a system 
error has occurred. At this time, since the dis- 
charge resistor 84 is short-circuited, discharging is 
completed instantaneously. 

Next, a manner, of determining the optimum 
differential ratio will be described with reference to 
Figures 7 to 9. As shown in Figure 8. as the 
differential ratio is varied (whether to the increasing 
side or decreasing side), various reproduction char- 
acteristics change; the AGC voltage for the prefor- 
matted area increases and the S/N ratio deterio- 
rates as the differential ratio deviates from the 
optimum level shown by the dotted line in Figure 8. 
Also, at this time, the amplitude of the residual 
signal in the preformatted area increases. There- 
fore, the reproduced signals must be reproduced 
using the optimum differential ratio. An example of 
determining the optimum differential ratio is de- 
scribed below. 

Suppose the output waveform from the am- 
plifier 104 for the reproduced signal S2 is repre- 
sented by the waveform shown by the solid line in 
(a) of Figure 7, and the output waveform from the 
VCA 108 for the reproduced signal SI is repre- 
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sented by the waveform shown by the solid line in 
(b) of Figure 7. In this case, the differential signal 
generated by the differential amplifier 74 gives the 
waveform as shown in (c) of Figure 7, and the 
residual signal amplitude corresponding to the 
preformatted region not become zero. The AGC 
voltage generated by the AGC amplifier 75 gives 
the wave form as shown in (d) of Figure 7. The 
processor 70 (Figure 9) presets a plurality of tem- 
porary differential ratios, and a differential ratio 
control signal corresponding to each of these tem- 
porary differential ratios is fed to the VGA 108 via a 
D/A converter 48 in the buffer amplifier 2501 
(Figure 1). In accordance with the differential ratio 
control signal, the gain of the VGA 108 is varied, 
and the amplified output is transferred to the dif- 
ferential amplifier 74. Then, based on the output 
(differential signal) from the differential amplifier 74, 
the AGC amplifier 75 generates the AGC voltage of 
the corresponding level. This AGC voltage Is sup- 
plied to the processor 70 through an A/D converter 
49 in the controller 1208 to be sampled. After the 
above-described operation has been repeated by 
the number of the temporary differential ratios, the 
processor 70 calculates the minimum value of the 
AGC voltage from these inputs, and the differential 
ratio control signal corresponding to the differential 
ratio at that time is stored in a memory device (not 
shown) such as a RAM or E^PROM. Thereafter, 
reproduction is performed using the thus deter- 
mined differential ratio (namely, the differential ratio 
stored in the memory device). For example, the 
broken lines in (b) - (d) of Figure 7 show the 
waveforms of respective signals when the differen- 
tial ratio is at its minimum, at which time the 
differential signal for the preformatted region is 
nearly zero. 

The sampling of the AGC voltage by the pro- 
cessor 70 is performed, for example, at the rising 
edge of a sample timing signal shown in (e) of 
Rgure 7. The sample timing signal is generated by 
the control circuit on the basis of the sector-by- 
sector reference timing signal and the data signal. 
The sector and track on which the differential ad- 
justment is to be done may be predetermined, and 
the sample timing signal may be generated within 
the preformatted region using the reference timing 
signal, while checking that sector and track using 
the data signal. More specifically, the sample tim- 
ing signal can be obtained by inverting the refer- 
ence timing signal 2116 and delaying the Inverted 
signal as shown in (i) of Figure 22. Further, the 
above differential adjustment may be done at the 
factory, after resetting the apparatus, or when re- 
loading a disk. When doing the differential adjust- 
ment at the factory, a disk specifically designed for 
differential adjustment may be used, or a proces- 
sor. an A/D converter and a program which are 



specifically designed for differential adjustment 
may be provided separately from the apparatus 
itself. Instead of the D/A converter 48, an F/V 
converter for producing voltage, the magnitude of 
5 which varies according to the input frequency or 
other device may be used. 

According to this embodiment, as described 
above, by obtaining the optimum differential ratio 
and reproducing the information with that differen- 
10 tial ratio, highly reliable reproduced signals can be 
obtained. Since it is not necessary to provide cir- 
cuits for detecting the maximum amplitude or en- 
velope of reproduced signals at the time of re- 
production, the entire circuit configuration can be 
IS made simple, making it possible to reduce the size 
of the apparatus and therefore to reduce the overall 
costs. Also, since the differential ratio adjustment to 
minimize the amplitude of the residual signal in the 
preformatted area can be made automatically by 
20 the processor, the invention also offers the advan- 
tage of eliminating laborious work process neces- 
sary for the adjustment. 

In the above, a magneto-optical memory ap- 
paratus which can reproduce, record and erase 
25 information is described. It is apparent to those 
skilled in the art that the present invention is also 
applicable to an apparatus which can only repro- 
duce information. 

It is understood that various other modifications 
30 will be apparent to and can be readily made by 
those skilled in the art without departing from the 
scope of this invention as defined by the appended 
claims. 

36 

Claims 

1 . An apparatus for reproducing information from a 
magneto-optical storage medium, comprising a dif- 

40 ferential amplifier for performing the differential am- 
plification of signals reproduced from said storage 
medium, 

said apparatus being characterised by: 
control means for receiving said differentially am- 
45 plified signal and producing an electric signal; and 
differential ratio determining means for determining 
a differential ratio, based on said electric signal 
output from said automatic gain control circuit, 
said differential amplifier performing the differential 
50 amplification at said determined differential ratio. 

2. An apparatus according to claim 1, wherein said 
control means is an automatic gain control circuit. 

3. An apparatus according to claim 2, wherein said 
electric signal is an automatic gain control voltage. 

55 4. An apparatus according to claim 1, wherein said 

apparatus further comprises differential ratio gen- 
erating means for generating a plurality of tem- 
porary differential ratios, said differential amplifier 
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temporarily performing differential amplifications of 
signals in sequence at each of said plurality of 
temporary differential ratios, and 
said differential ratio determining means deter- 
mines one of said temporary differential ratios as s 
the differential ratio, said automatic gain control 
circuit producing the lowest automatic gain control 
voltage when said differential amplifier performing 
the differential amplification of signals at said one 
of said temporary differential ratios. 
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